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APPARATUS AND METHOD FOR
DETECTING DROPS IN PRINTER DEVICE

FIELD OF THE INVENTION

The present mvention relates to printer devices, and
particularly, although not exclusively, to a method and
apparatus for detecting faulty nozzles in ink jet devices.

BACKGROUND TO THE INVENTION

It 1s known to produce paper copies, also known as “hard”
copies, of files stored on a host device, eg a computer using
a printer device. The print media onto which files may be
printed includes paper and clear acetates for use 1n lectures,
seminars and the like.

Referring to FIG. 1 herein, there 1s illustrated a conven-
fional host device 100, 1n this case a personal computer,
linked to a printer device 120 via a cable 110. Amongst the
known methods for printing text or graphics and the like
onto a print media such as paper 1t 1s known to build up an
image on the paper by spraying drops of ink from a plurality
of nozzles.

Referring to FIG. 2 herein, there 1s illustrated schemati-
cally part of a prior art printer device comprising an array of
printer nozzles 220 arranged into parallel rows. The unit
comprising the arrangement of printer nozzles 1s known
herein as a print head 210. In a conventional printer of the
type described herein, the print head 210 1s constrained to
move 1n a direction 260 with respect to the print media 200
cg a sheet of A4 paper. In addition, the print media 200 1s
also constrained to move in a further direction 250.
Preferably, direction 260 1s orthogonal to direction 250.

During a normal print operation, print head 210 1s moved
into a first position with respect to the print media 200 and
a plurality of ink drops 230, 240 are sprayed from a number
of printer nozzles 220 contained within print head 210. This
process 1s also known as a print operation. After the comple-
fion of a print operation the print head 210 1s moved 1n a
direction 260 to a second position and another print opera-
fion 1s performed. In a like manner, the print head 1is
repeatedly moved 1n a direction 260 across the print media
200 and a print operation performed after each such move-
ment of the print head 210. In practice, modern printers of
this type are arranged to carry out such print operations
while the print head 1s 1n motion, thus obviating the need to
move the print head discrete distances between print opera-
tions. When the print head 210 reaches an edge of the print
media 200, the print media 1s moved a short distance 1n a
direction 250, parallel to a main length of the print media
200, and further print operations are performed. By repeti-
tion of this process, a complete printed page may be pro-
duced 1n an incremental manner.

In order to maintain the quality of the printed output of the
printer device, 1t 1s 1important that each instruction to the
print head to produce an 1nk drop from a given nozzle does
indeed produce such an ink drop. It 1s also important that
cach drop that i1s ejected from the print head 1s correctly
positioned on the print media.

In conventional printers 1t 1s known to attempt to detect an
ink drop as 1t leaves a nozzle of the print head during nozzle
testing routines. In this manner, 1f no ik drop 1s detected in
response to a signal to eject an ink drop, the nozzle con-
cerned may be assumed to be malfunctioning and appropri-
ate maintenance routines may be implemented. An example
of this type of drop detection system 1s disclosed in Euro-
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pean Patent Application No0.1027987, 1n the name of
Hewlett-Packard Company.

In such systems, the drop detection unit employs an LED
and lens to produce a collimated beam of light. The colli-
mated beam of light 1s arranged to be incident on a photo
diode, which generates an electrical current 1 response to
the 1ncident light. Prior to testing nozzles of a print head, the
print head 1s positioned 1n a testing position, generally
outside of the region used for printing onto the print media.
An 1k drop 1s then sprayed from a selected nozzle of the
print head through the collimated beam of light. As the 1nk
drop passes through the light beam, 1t partially blocks light
normally incident on the photo diode. Due to the decrease in
light incident on the photo diode, the current which 1t
ogenerates decreases temporarily. The change 1n the output
current of photo diode 1s detected and forms the basis for an
ink drop detection signal which 1s generated and processed
by a drop detection processor. This process 1s then repeated
with each nozzle of the print head until each has been tested.

Thus, the above described type of drop detection devices
may be used to determine whether particular nozzles are
ejecting 1nk drops in response to firing signals. However,
such devises do not generally distinguish between an ink
drop that 1s ejected 1n the correct direction and an 1nk drop
which 1s ejected 1n an 1ncorrect direction, as might arise in
the event that a nozzle 1s partly blocked by dried ink, or has
been damaged 1n some way, for example by a print head
crash.

As the skilled reader will understand, 1t 1s desirable to be
able to correctly distinguish between nozzles that eject ink
drops 1n correct and incorrect directions. In the first case, the
drops will be correctly placed on the print media, whereas 1n
the second case, the drops will not be correctly positioned on
t
t

e print media, thus causing a degradation in the quality of
e printed output. Such errors 1n positioning are known as
“drop placement errors”. Although any directional 1mmaccu-
racy associated with a nozzle will cause a reduction of image
quality, ink jet printers are particularly sensitive to a direc-
tional mnaccuracy with a direction component perpendicular
to the carriage scan direction (indicated by arrow 260 in
FIG. 2). This is because a nozzle that suffers from such a
defect will print a row of dots which 1s displaced from its
intended location 1n each swath printed by the print head.
This may give rise to repeating “lines” on the media which
have not received adequate, or possibly any ink coverage.
Alternatively, 1t may give rise to or a line of dots of one
colour incorrectly overlying an area filled by a confrasting
colour. Consequently, this type of printing defect 1s often
particularly noticeable to the human eye.

In practice this means that this type of prior art drop
detection device may indicate that a given nozzle 1s func-
tioning correctly, when 1n fact the nozzle 1s printing 1nk
drops with noticeable and undesirable drop placement
errors, which reduce the quality of an image. Thus, the
nozzle will be used 1n a printing operation, without being
subject to a maintenance procedure to correct the error, or
alternatively not used.

A known method of determining the directionality and
correct functioning of nozzles of an ink jet print head
includes implementing print routines where a print head 1s
controlled to print test patterns using known nozzles to print
drops 1n pre-determined positions on a piece of print media.
The resulting test pattern 1s then scanned using a line scanner
built into the printer. In this manner, the scanned measure-
ments of actual dot placements may be compared with the
intended positions; thus providing information on the correct
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functioning, including directionality, of each nozzle.
However, there are disadvantages associated with such an
approach. Firstly, such tests require the use of print media,
which represents an additional cost to the user of the printer
device. Secondly, the printing and scanning process 1s
comparatively time consuming. Furthermore, 1t 1s not gen-

erally possible to implement such test procedures 1n an
automatic manner, as and when required, under the control
of the printer device; 1.e. without the need for operator
intervention.

It would therefore be desirable to provide a system and
method for correctly determining the usability of nozzles in
a print head which overcomes one or more of the disadvan-
tages associated with the prior art methods

SUMMARY OF THE INVENTION

According to the present imnvention there 1s provided an
ink jet apparatus comprising a nozzle arranged to eject ink
droplets and an edge detector arranged to detect droplets
having a first range of trajectories and arranged not to detect
droplets having a second range of trajectories, the nozzle
being arranged to eject one or more first droplets from each
of a plurality of positions known relative to the edge
detector, the positions being arranged such that the number
of first droplets detected by the edge detector varies in
dependence upon the magnitude of a component of the
ejection direction of the nozzle, the apparatus being arranged
to substantially determine a component of the ejection
direction of the nozzle in dependence upon the detection by
the edge detector.

By arranging a nozzle of an ink jet apparatus to eject a
series of 1nk drops from known positions relative to an edge
or drop detector and detecting which of those drops pass
through a known range of positions, as defined by the
detection zone of the drop detector, it 1s possible to deter-
mine a direction component of the flight path of the drops
relative to the nozzle; 1.e. a component of the direction of
ejection of the drops. Preferably, this 1s achieved by ejecting
a series of drops 1n substantially the same direction, that are
also ejected from substantially equally spaced positions
along a line that traverses the edge of the edge detector. In
this manner, a proportion only of the drops will be detected,
and a component of the ejection direction of the nozzle may
be determined from the detected proportion.

Preferably the apparatus 1s arranged to yield a two dit-
ferent component of the ejection direction of the nozzle in
question. In this manner, components of direction of the
ejected mk drops may be obtained 1n two orthogonal axes;
for example the media feed axis and the scan axis of the
printer. Preferably this 1s achieved by arranging two drop
detectors under the scan axis of the printer, arranged at
differing angles to the scan axis. Preferably, the drop detec-
tors are arranged at 90 degrees to each other. As a printhead
of the printer, comprising the nozzle 1n question, traverses
the scan axis of the printer, a component of the direction of
cjection of the nozzle may be obtained using the detection
output of each the two drop detectors.

Preferably, different nozzles of the print head will are
arranged to pass over cach detector at different times as the
print head moves 1n the direction of the scan axis. This
means that with each pass of the printhead over a detector
more than one nozzle may be tested. Thus, a large
proportion, if not all, of the nozzles 1n a given printhead may
be rapidly tested 1n a reduced number of passes over the drop
detectors.

Preferably, the printer 1s arranged to pass over both the
print medium and at least one of the two drop detectors in
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cach pass along the scan axis while printing. In this manner,
it 1s possible to test the directionality and functioning of
selected nozzles of a selected printhead during the printing
of an 1image. This allows the printer to modity the usage of
tested nozzles during a print operation 1n dependence upon
the test results for those nozzles. For example 1f a nozzle 1s
found not to be ejecting 1nk drops or ejecting ink drops 1n an
incorrect direction, that nozzle could be withdrawn from use
for the remainder of the printing operation by allocating its
work load to further nozzles. In this manner, output print
quality may be increased.

Thus, the method and apparatus of the present invention
may be 1implemented 1n an automatic manner, requiring no
operator input. Furthermore, the directionality of nozzles of
a printer may be tested without the need for the requirement
for scanning print patterns printed on print media.

The present invention also extends to the corresponding
method. Furthermore, the present invention also extends to
a computer program arranged to implement the present
invention 1n conjunction with suitable hardware.

BRIEF DESCRIPTION OF THE DRAWINGS

For a better understanding of the invention and to show
how the same may be carried into effect, there will now be
described by way of example only, speciiic embodiments,
methods and processes according to the present mmvention
with reference to the accompanying drawings 1n which:

FIG. 1 1llustrates a prior art printing system incorporating,
a personal computer linked to a printer;

FIG. 2 1llustrates schematically part of a prior art print
head 1n relation to the print media on which 1t prints;

FIG. 3a illustrates a partial schematic perspective view of
the apparatus of an embodiment of the present invention;

FIG. 3b illustrates a partial plan view of the apparatus
shown 1 FIG. 3a;

FIG. 3c 1llustrates the manner 1n which a print head of a
printer device passes over a drop detection unit according to
an embodiment of the present invention;

FIG. 4a illustrates schematic perspective view of a print
head used 1n an embodiment of the present invention;

FIG. 4b 1llustrates a perspective view of part of a drop
detection unit used 1n an embodiment of the present 1nven-
tion;

FIG. § illustrates a generalised block diagram of the
functional blocks of the drop detection system of FIG. 4b;

FIGS. 6a—15a schematically illustrate the detection of
various series of mk drops by a drop detection unit 1n an
embodiment of the present invention and

FIGS. 6b—15b schematically 1illustrate the corresponding
detection signals generated by the drop detection unit;

FIGS. 16-19 cach schematically illustrate the output
voltage trace of a drop detection unit when detecting a series
of ink drops ejected by a family of nozzles 1n an embodiment
of the present invention.

DETAILED DESCRIPTION OF THE BEST
MODE FOR CARRYING OUT THE INVENTION

There will now be described by way of example only the
best mode contemplated by the inventors for carrying out the
ivention.

System of the Present Embodiment

Referring now to FIGS. 3a and 3b, the system of the
present embodiment will now be described. FIG. 3a shows
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a schematic partial perspective diagram of the drop detection
system of the present embodiment, and FIG. 3b 1llustrates a
partial plan view of the drop detection system of FIG. 3a.

In FIG. 3a, a print media 300 1s 1llustrated 1n position
ready for printing. As can be seen from the figure, the print
media 300 1s free to move forwards and backwards in the
media feed direction indicated by the arrows 350. It should,
however, be noted that the present invention may be imple-
mented without print media being present. A print head 310
1s also shown located above the print media 300 and 1s free
to travel 1n the directions indicated by the arrows 360 along
the scan axis. The scan axis 1s schematically illustrated by
dashed lines 320. As was described above with respect to the
prior art printer device of FIG. 2, the print head 310 1s
arranged to eject ink drops 340 from an array of nozzles 330
on to the print media 300 1n order to incrementally build up
an 1mage.

At either side of the print media 300 are located drop
detector units 370a, 370b. Each drop detector unit 1s located
under the scan axis 320 of the print head 310, such that the
upper surface of each drop detector unit 1s located at
approximately the same level as the print media 300. The
print head 310 1s free to “over-travel” beyond the lateral
edges 300a, 300H of the widest print media for which the
printer 1s designed to handle and beyond the positions of the
cach drop detector unit 370a, 370b. In this way, the print
head 310 1s free to pass over the drop detector units so that
cach of the nozzles 330 of the print head 310 may be tested
by ejecting ink drops through the ink drop detector units
370a, 370b as required, as will be explained below. The
output of the ik drop detector units 370a, 3705 are con-
nected by connectors 380a, 380b, respectively, to a printer
controller 390 where the outputs are processed.

Each drop detector umit 370a, 370b has a “working
section” within which ink drops may be detected. The
locations and orientations of the working sections 3754 and
375b of the detector units 370a, 3700, respectively, are
schematically 1llustrated i FIG. 3b. As can be seen from the
figure, the working sections 375a and 375b are positioned at
a known angles, ¢., and o, respectively, to the scan axis 320
of the print head 310. In the preferred embodiment, the angle
o 1s +45 degrees and o, 1s =45 degrees to the scan axis, as
1s shown 1n the figure.

The locations of the drop detector units 370a, 3705 and
hence their working sections 3754 and 375b, are accurately
known relative to the chassis (not shown) of the printer
device, to which they are attached. Thus, the position of the
print head 310, together with each of the nozzles 330 1n its
nozzle array, 1s known relative to each drop detector unit
370a, 3706 by the printer controller 390, as the print head
310 moves along the scan axis.

Conventionally, the position measurement of the print
head 310 1s carried out using a position encoding belt,
mounted on the printer device, in conjunction with an optical
encoder attached to the print head carritage. However, any
suitable system may be used for this purpose. Thus, the
velocity of the print head 310 1s known as 1t travels across
the scan axis 320. Furthermore, the velocity of the ejected
ink drops, together with their flight path characteristics, for
a given print carriage velocity 1s also known. Therefore, the
nozzles may be controlled to eject drops that accurately pass
through predetermined locations of the working sections

375a and 375b of the drop detector units 370a, 370b.

Referring to FIG. 4a, there 1s illustrated schematically the
print head 310, which 1s a conventional ink jet print head and
1s described here briefly for the purposes of completeness.
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The print head 310 comprises an assembly of printer nozzles
330. Preferably, the print head 310 1s comprised of two rows
of printer nozzles 330, each row containing 524 printer
nozzles. According to the present embodiment, the printer
nozzles 1 one row are designated by odd numbers and the
printer nozzles 1n the second row are designated by even
numbers. Preferably, a distance 490 between corresponding
nozzles of the first and second rows i1s of the order 4

millimeters and a distance between adjacent printer nozzles
495 within a same row is %s00 inches (approximately 0.085
mm). There is an offset of Y600 inches (approximately 0.042
mm) between immediately adjacent nozzles in the first and
second rows of the print head yielding a printed resolution
of 600 drops per inch (23.62 drops per mm).

The print head 310 1s configured, upon receiving an
instruction from the printer, to spray or eject a single drop of
ink 480 from a single nozzle 330 of the nozzle array. Thus,
cach of the nozzles 330 of the print head 310 1s configurable
to release a timed sequence of 1ink drops 1n response to an
instruction from the printer device. As 1s described 1n more
detail below, by spraying a timed sequence of 1nk drops, 1t
may be determined whether the nozzle in question 1s func-
tioning correctly using the method of the present embodi-
ment. The operation of spraying a pre-determined sequence
of 1k drops 1s also known as “spitting”. The frequency at
which consecutive drops are ejected 1s known as the “spit-
ting frequency” or “ejection frequency’.

Referring to FIG. 4b, the support structure of an ink drop
detection unit corresponding to ink drop detection units
370a, 370b 1s 1llustrated schematically. This type of ink drop
detection units 1s known and 1s described here briefly for the
purposes of completeness. However, a more complete
description of this unit, which 1s hereby incorporated by
reference, 1s given 1 European Patent Application No.
1027987 1n the name of Hewlett-Packard Co, which 1s

hereby 1ncorporated by reference.

The 1nk drop detection unit includes a housing which 1s
made up of three sections; an emitter housing 460, in which
a high intensity infra-red light emitting diode 1s located; a
detector housing 450 1n which a photo diode detector is
located; and, an elongate, rigid portion, or bar 470, which
joins the two housing portions in a fixed position, one
relative to the other. The emitter housing 460, and the
detector housing 450 cach include a rigid locating means
which ensures that the high intensity infra-red light emaitting
diode (not shown) and the photo diode detector (not shown)
are accurately orientated and positioned with respect to each
other so that the light emitted by the light emitting diode 1s
incident on the photo diode detector.

The high intensity infra-red light emitting diode contained
within emitter housing 460 1s encapsulated within a trans-
parent plastics material casing. The transparent plastics
material casing 1s configured so as to collimate the light
emitted by the light emitting diode mnto a light beam. The
collimated light beam emitted by the high intensity infra-red
LED contained within emitter housing 460 exits the emitter
housing via aperture 461. The collimated light beam from
emitter housing 460 1s admitted into detector housing 450 by
way of aperture 451. The light beam admitted into detector
housing 450 1lluminates the photo diode detector contained
within detector housing 450. An 1nk drop 480 sprayed from
a nozzle 330 entering the collimated light beam extending
between apertures 461 and 451 causes a decrease in the
amount of light entering aperture 451 and hence incident on
the photo diode contained with detector housing 450. Ink
drops are only detected if they pass through an effective
detection zone, or working section 375 (illustrated in FIG.
3b) in the collimated light.
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The construction of the drop detection unit as described
above has been found to give a sharp transition between
detecting a drop which passes through the edge of its
working section, and not detecting a drop which passes
slightly outside of 1ts working section. This characteristic of
this drop detection unit has been found to be desirable 1n the
operation of the present embodiment, as 1s explained below.

Although 1n the present embodiment, the sharp “edge” of
the detector achieved using optics, the skilled reader will
realize that one or more mechanical edges may instead be
used to accurately define the regions 1n the detector in which
droplets will be detected.

The 1nk drop detection units 370a, 370b are orientated in
the present embodiment such when an i1nk drop 480 is
cjected from any given correctly operating nozzle 330 of the
print head 310, 1t will pass through the working section 375
of either of the 1ink drop detection units 370a, 3705, provided
that the print head 310 1s suitably positioned along the scan
axis ol the printer device when the ink drop 1s ejected.
However, it 1s preferable that the collimated light beam 1s
substantially perpendicular to the firing direction of the
nozzles 330 of the print head 310, whilst being orientated at
45 degrees to the scan axis 320, as shown 1 FIG. 3b.

In order to maximize the probability of being able to
simultaneously detect each drop in the sequence of drops
that passes through the working section 375 of a drop
detection unit 370, 1t 1s important that the width of the
working section 375 1n the direction of travel of the drops 1s
orcater than the distance between the first and last drops, as
the drops pass through the working section 375. The dis-
tance between the first and last drops of the sequence of
drops 1n the working section 375 1s determined by param-
cters including the following: the initial ejection speed of ink
drops from a nozzle 330; and, the distance from the nozzle
output to the working section 3735.

Due to effects of air resistance the 1nitial speed of the ink
drops leaving the nozzles i1s progressively reduced the
further each ink drop travels from the print head. A conse-
quence of the progressive slowing, due to air resistance, of
a sequence of ik drops fired from a nozzle 1s that the
distance between ecach drop of the sequence of drops
decreases with time.

Thus, for a given 1nifial ejection speed of the drops
leaving the print head 310, the closer the print head 1s to the
working section 375, the wider the working section 375
must be. However, increasing the width of the working
section 375 necessitates a proportional increase 1n the time
between firing 1k drops from consecutively tested nozzles,
thereby increasing the total time required to perform drop
detection of a given number of nozzles. This 1s the case in
order to avoid concurrently detecting ink drop sequences
cjected by different nozzles. Conversely, 1f the distance
between the print head and the working section 3735 1s large,
then for a given width of the working section 375 the
distance between the first and last ink drops of the sequence
of ink drops may be significantly smaller than this given
width. Consequently, there 1s a possibility that a drop fired
from a further nozzle being tested previously or subse-
quently might mistakenly be detected concurrently with the
sequence ol ik drops ejected from the nozzle currently
being tested. Additionally, increasing the distance between
the print head 310 and the working section 375 again
increases of time duration required between sequences of
ink drops from adjacent nozzles of the print head 310
thereby 1ncreasing the total time required before drop detec-
tion. Hence 1t 1s necessary to optimize the various
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parameters, for example, the width of the working section
375 and distance from the print head 310 to the working
section 375, 1n order to minimize the probability of simul-
tanecously detecting drops ejected from nozzles that are
consecutively tested, whilst also minimizing the total time
required to perform drop detection. The optimization may be
performed experimentally.

Referring to FIG. 5, there 1s 1llustrated a generalised block
diagram of the functional components of a drop detection
unit as illustrated in FIG. 4b.

The high intensity infra-red LED 540 emits light 500
which 1s absorbed by the photo diode detector 560. The
photo diode detector 560 generates a current 1n response to
the 1incident light. This current 1s output to, and amplified by
an amplifier 510.

The amplifier 510 1s configured to increase the driver
current to the high intensity inifra-red LED 540, via signal
path 515, 1n response to a decrease 1n the output current of
the photo diode detector 560. The amplifier 510 1s further
coniligured to decrease the input current into the high inten-
sity infra-red LED 540 1n response to an increase in the
output current of the photo diode detector 560, again via
signal path 515. This arrangement has the effect of causing
a characteristic simne shaped pulse output to be generated by
the photo diode detector 560 1n response to the LED 540
being temporarily occluded by one or more mk drops. This
1s because when the light of the LED 540 1s occluded, the
consequent decrease 1n output current of the photo diode
detector 560 1s detected. As a result the input current to the
LED 540 1s increased. However, due to the comparatively
slow response time of the mnput current increase for the LED
540, combined with the fact that the ink drops subsequently
cease to occlude the LED 540 from the photo diode detector
560, an overshoot 1n the photo diode detector 560 output
current results. In the absence of the occluding ink drops, the
output of the photo diode detector 560 subsequently returns
to 1ts normal output level.

The amplified, output current of amplifier 510 1s then
input mto an analogue to digital (A/D) converter 520. The
A/D converter 520 repeatedly samples the amplified output
of the photo diode to generate a sequence of digital sample
signals, each quantized to represent an amplitude of a
portion of the output signal pulse of the 1k drop detection
units 370 during a testing operation.

The skilled reader will appreciate that the sampling rate
will determine the accuracy with which the output of the
photo diode detector 560 may be determined at any given
time. The accuracy with which the output of the photo diode
detector 560 needs to be determined depends upon various
factors. These include, the 1nitial ejection speed of 1nk drops
from a nozzle 330; the distance from a nozzle output to the
working section 375; and, the desired sensitivity of the drop
detection system to drop placement errors. Thus, the sam-
pling rate may be determined experimentally. However, 1n
the present embodiment, it 1s preferable that the A/D con-
verter 520 samples the amplified output current with a
sampling frequency of 40 kilohertz, and more preferably 80
kilohertz.

The samples of the output of the photo diode 560 are
stored within a memory device 530 associated with the drop
detection units 370. The drop detection unit 530 then pro-
cesses the sampled output of the photo diode detector 560 to
determine whether or not one or more 1nk drops have passed
through the working section 375 of the drop detection unit
370. This information 1s then output to the printer controller
390 shown in FIG. 3a 1n order that operating characteristics
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of the printer nozzles may be determined, as 1s described
below. However, The skilled reader will appreciate that the
function of each of the amplifier 510, the A/D 520 and the
memory device 530 for each drop detection unit 370a, 3705
may 1n practice be incorporated into the printer controller

390.

Mode of Operation

In the preferred embodiment of the present invention, the
functioning of the nozzles of a given print head of the printer
device are checked periodically during the printing of an
image 1n order to establish whether or not they are func-
tioning correctly, or at least to within preset tolerance limits.
Thus, the drop detection process of the present embodiment
1s carried out for a proportion of the nozzles 1n between
printing consecufive print passes of an 1image, or, “on the
fly”. With successive passes, different nozzles may be tested,
until such time that all of the nozzles have been tested and
the testing cycle may recommence.

In this manner, the print mode which 1s being used to print
an 1mage may be changed, during the process of printing an
image, 1n order to avoid printing with any nozzles which are
discovered to be defective. This may be achieved by assign-
ing the workload that would normally be undertaken by the
defective nozzles to correctly functioning nozzles as 1s
described below.

Referring again to FIGS. 3a and 3b the mode of operation
of the present embodiment of the mvention will now be
described. Prior to printing an image, the printer carriage
(not shown) is located under the control of the printer
controller 390 1n a conventional manner at one end of the
scan axis 320. In this example, the printer carriage 1s located
at the extreme left-hand side of the scan axis, as viewed 1n
FIGS. 3a and 3b. The printer carriage 1s then accelerated to
its normal scan velocity, which in this embodiment 1s 20
inches per second (508 mm per second), towards the right
hand end of the scan axis 320, as viewed 1n FIGS. 34 and 3b.
The acceleration phase of the print head i1s completed
significantly prior to the point at which the print head 310
reaches the drop detector unit 370a.

As the print head 310 reaches the drop detector unit 370a,
a drop detection routine 1s implemented for selected nozzles
330 of the print head 310, as 1s explained more fully below.
The print head 310 then continues to travel at a constant
velocity along the scan axis 320. As the print head 310
passes over the print medium 300, ink drops are ejected from
the nozzles 330 of the print head 310 1n a normal manner in
order to incrementally print the required 1mage, as has been
described above with respect to FIG. 2. When the print head
310 subsequently passes the drop detector unit 3706, a
further drop detection routine 1s implemented for the same
selected nozzles 330 of the print head 310, as 1s again
explained more tully below. Only when the print head has
passed the drop detector unit 3705 does 1t start decelerating,
in readiness to return along the scan axis 320 1 order to print
more of the image.

As has been stated above, 1n order that a given signal
output by the photo diode detector 560 can be attributed to
a particular nozzle, it 1s important that ink drops from only
one nozzle 1s detected by the drop detector unit 370a at any
orven moment. However, as the working section 375 of the
drop detector unit 370a lies at an angle to the scan axis and
print head 310, different nozzles 300 on the print head 310
will pass over the working section 3754 of the drop detector
unit 370a at different moments 1n time. Thus, a “family” or
“oroup” of nozzles 300 from the nozzle array of a print head
310 may be tested in a single “pass” over the working,
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section 375. That 1s to say that each member of a given
family of nozzles may be tested sequentially, whilst pre-
serving adequate temporal separation between each nozzle
300 1n the family to ensure that the 1nk drops detected by the
drop detector unmit 370 may be uniquely identified with a
ogrven nozzle 300 of that family. Of course, this may still be
achieved without requiring the print head to stop or change
its speed. This concept 1s 1llustrated 1in FIG. 3¢, where a print
head 310 1s schematically illustrated progressively moving
in the direction of the scan axis 320, as represented by the
arrow, over the working section 375 of a drop detector unit
370. At different times t,, t, and t,, the print head position
1s labeled 310", 310" and 310™, respectively. Referring now
to the nozzles numbered 1-11 in the left hand column of
nozzles, 1t can be seen that at time t,, nozzle 11 overlies the
working section 375 of the drop detector unit 370. However,
at time t,, nozzles 6—8 overlie the working section 375 and
at time t,, nozzles 2 and 3 overlie the working section 3785.

The drop detection routine according to the present
embodiment will now be described. When a selected nozzle
330 of the print head 310 reaches the correct location along
the scan axis 320 relative to the drop detector unit 370a a
drop detection routine 1s implemented. A series of ink drops
of a substantially uniform volume, are ejected at a constant
frequency from the nozzle 330. In the preferred
embodiment, the series of 1k drops consists of six separate
drops of ink, which are ejected at a frequency of 12
kilohertz. The skilled reader will appreciate that by increas-
ing the frequency of ejection, the resolution with which the
cjection direction of nozzles may be determined may be
increased. Similarly, the number of 1nk drops 1n the series

may be varied 1n order to match working requirements.

Due to the fact that the printer carriage 1s moving at a
constant velocity throughout the drop test procedure, the
locations along the scan axis 320 at which each of the ink
drops are ejected are equally spaced. Consequently, each of
the 1k drops 1n the sequence follows a similar flight path,
or trajectory, differing only in that each fligcht path 1is
separated from the flight path or paths of immediate neigh-
bours by a fixed known distance along the scan axis 320. The
exact 1nstant at which the series of drops starts to be ejected
1s determined such that 1f the nozzle under test 1s operating
correctly, the first three drops in the sequence will be ejected
too early to pass through the working section 3754 of the
drop detector unit 370a. Consequently, the first three drops
will not be detected by the drop detector unit 370a.
However, each of the last three drops only of the sequence
will pass through the working section 375a of the drop
detector unit 370a and will therefore be detected.

The detection of a series of drops, ejected from a correctly
operating nozzle which imparts no drop placement error to
the drops which it ejects 1s shown 1n FIG. 6a. This figure
shows an enlarged, partial, schematic, plan view of the
working section 375a of drop detector unit 370a as shown
in FIG. 3b. Also indicated on the figure are: the printer
carriage direction, indicated by the arrow labeled “PCD”, at
the time the sequence of drops was ejected; the correct “dot
row’ for the nozzle under test, which 1s referenced by dotted
line labeled “DR” and indicates the correct placement for
ink drops ejected by the nozzle under test in the media feed
direction 350; and, the orientation of the scan axis and the
media feed direction, which are indicated by the arrows
referenced 360 and 350, respectively, which correspond to
the equivalent numerals shown in FIG. 3b.

In the figure, the position along the scan axis 320 of each
of the drops 1n the sequence 1s shown, at the point 1n time
that the drop sequence 1s detected by the drop detector unit

370a.
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The drop separation A__ between adjacent ik drops in the
direction of the scan axis 1s a function of the print carriage
velocity and the ejection frequency of the nozzle 330 under
test. In this example, the carriage velocity 1s 20 inches per
second, or 508 mm per second. The spitting frequency 1s 12
kilohertz. Therefore, the distance A_, between adjacent ink
drops in the direction of the scan axis is (508/12000) mm, or

0.0423 mm.

As can be seen from the figure, each of the drops is
correctly centered along the desired dot row “DR”. Thus, the
nozzle 330 under test 1s ejecting ink drops with no direc-
fional errors 1n the media feed direction 350.

It can also be seen from the figure that the position of the
first three 1nk drops of the sequence to be ejected, referenced
“A” 1 the figure, lie before, and so outside of the working
section 375 of the drop detector unit 370a. Thus, these drops
remain undetected by the drop detector unit 370a. However,
the remaining three drops, referenced “B” 1n the figure, each
pass through the working section 375 of the drop detector
unit 370a and so are detected by the drop detector unit 370a.

As has been explained above, the signal which 1s output
by the photo diode detector 560 1s dependent upon the
amount of light emitted by the LED 540, which 1s incident
upon 1t. In the present embodiment the volume of each ink
drop 1n a g1ven sequence 1s substantially the same, as are the
volumes of 1nk drops ejected by different nozzles under test.
Theretore, the amplitude of the signal output by photo diode
detector 560 1s dependent upon the number of drops which
simultaneously occlude LED 540 from the photo diode
detector 560; 1.¢. the number of drops which simultaneously

pass through the working section 375 of the drop detector
unit 370a.

The characteristic pulse shaped signal output by the photo
diode detector 560 of the drop detector unit 370a corre-
sponding to the detection situation shown in FIG. 6a is
shown 1n FIG. 6b. FIG. 6b shows how the voltage output of
the photo diode detector 560 varies with time. On the figure
two timing points t, and t, are shown. The time at which the
nozzle under test commenced ejecting the sequence of drops
1s 1indicated by to and the point 1n time at which the output
of the photo diode detector 560 falls below a preset threshold
1s indicated by t,. In this case, the threshold 1s represented
by the dotted line “C” in the figure.

The skilled reader will appreciate that if the nozzle under
test 1s blocked, then no ink drops will be ejected.
Consequently, no characteristic pulse shaped signal equiva-
lent to that shown 1 FIG. 6b will be generated; 1.¢. the
output of the output of the photo diode detector 560 will
remain substantially constant. In such situations, the printer
controller may designate the nozzle 330 under test as
defective. The printer controller may then implement main-
tenance routines to correct the operation of the nozzle as
described more fully below. Alternatively, or 1 the event
that the maintenance routines are found to have failed to
correct the operation of the nozzle after further testing, the
printer controller may implement measures to avoid using
that nozzle during subsequent printing operations as
described more fully below.

Referring to FIGS. 7 to 10, the detection of further series
of drops 1s 1llustrated. In these figures, the changes in the
signals output by the photo diode detector 560, caused by
different types of drop placement errors 1n the nozzles under
test, will be described. Each of FIGS. 7a, 8a, 9a, and 10a
shows a similar view of the working section 375a the drop
detector unit 370 to that shown in FIG. 6a. The correct “dot
row’ for the nozzle under test 1s also shown 1n each of these
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figures, as i1t 1s shown 1n and described with reference to
FIG. 6a. In each of these figures, the printer carriage
direction PCD at the time the sequence of drops was ¢jected
and the media feed direction 350 and scan axis 360 are as
shown 1n FIG. 6a. Each of FIGS. 7b, 8b, 9b, and 106 shows

the corresponding detection signal 1n each case, 1n the same
manner as was 1llustrated in FIG. 6b.

FIG. 7a, shows the detection of a series of drops which are
directed too far along the scan axis 360, in the direction of
travel PCD of the print head carriage; resulting 1n a drop
placement error for each drop ejected. Thus, the first drop of
the sequence follows a flight path which takes it closer to the
drop detection unit 3704 than would be the case for an
equivalent drop ejected from a nozzle that 1s functioning
correctly, as shown 1n FIG. 6a. Each of the remaining drops
in the same sequence follow flight paths with the same shaft
in direction, as has been described with reference to the first.
Thus, as 1s shown 1n FIG. 7a, only the first two 1nk drops in
the sequence, referenced “A” 1n the figure, fall short of the
working section 3754 of the drop detector unmit 370a, with
the remaining four drops of the sequence, referenced “B”, all
passing through the working section 375a. This 1s 1n contrast
to the three drops which passed through the working section
375a 1n the case shown 1n FIG. 6a, where the drops were
correctly directed. Thus, the trajectory of a droplet depends
upon both the position of the nozzle relative to the drop
detector unit 370a when the droplet 1s ejected and the
ejection direction of the nozzle.

However, as can be seen from the figure, each of the drops
1s correctly centered along the desired dot row “DR”. Thus,

the nozzle 330 under test 1s ejecting ink drops with no
directional errors 1n the media feed direction 350.

Referring to FIG. 7b, the signal output by the photo diode
detector 560 for the situation shown 1n FIG. 7a 1s shown. As
can be secen from the figure, the amplitude of the signal
output for this case 1s greater than that corresponding to the
correctly directed drops shown in FIG. 6b. For, clarity
purposes, the output shown 1n FIG. 6b 1s shown 1n dotted
line 1n FIG. 7b. The reason for the increase in amplitude 1s
that four drops were detected 1n the case where the drops
were misdirected 1n the scan axis advance sense, as opposed
to only three 1n the case where the drops were correctly
directed. Since the amplitude of the signal output by the
photo diode detector 560 1s dependent upon the number of
simultaneously detected drops, an output signal of greater
amplitude 1s generated.

Additionally, because of the third drop in the sequence
shown 1n FIG. 7a 1s detected, whereas 1t would not be 1if it
were correctly directed as shown in FIG. 6a, the signal
output in this case 1s advanced 1n a temporal sense 1n relation
to the that corresponding to correctly directed drops shown
in FIG. 6. Thus, the output of the photo diode detector 560
falls below the preset threshold (represented by the dotted
line “C” in the figure) earlier in this case than would be the
case 1f the drops were correctly directed. Thus, the period
(t;-t;) in the case shown in FIG. 7b is less than the
corresponding period shown 1 FIG. 6b.

FIG. 8a, shows the detection of a series of drops which are
directed too far along the scan axis 360, in the direction
opposite to the direction of travel PCD of the print head
carriage; again resulting i a drop placement error for each
drop ejected. In this case, the first four ink drops, referenced
“A” 1 the figure, fall short of the working section 375a of
the drop detector unit 370a. Thus, only the last two ink drops
in the sequence, referenced “B” 1n the figure, pass through
the working section 3754 to be detected. This 1s as opposed
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to the three drops which passed through the working section
of the drop detector unit 370a 1n the case shown in FIG. 64,
where the drops were correctly directed.

Again, as can be seen from the figure, each of the drops
1s correctly centered along the desired dot row “DR”. Thus,
the nozzle 330 under test 1s ejecting ink drops with no
directional errors 1n the media feed direction 350.

Referring to FIG. 8b, the signal output by the photo diode
detector 560 of the drop detector unit 370a corresponding to
the situation of FIG. 8a 1s shown. As can be seen from the
figure, the amplitude of the output signal for this case 1s less
than signal output for the detection of the series of drops
shown 1n FIG. 6a where the ink drops were correctly
directed. This 1s due to the reduced number of 1k drops
passing through the working section 375a of the drop
detector unit 370a. Again, for clarity purposes, the output
signal shown 1n FIG. 6b, corresponding to a correctly
directed sequence of drops, 1s shown 1n dotted line 1n FIG.

8b.

Additionally, because 1n this case the fourth drop in the
sequence 1s not detected, whereas 1t would be 1f the sequence
were correctly directed, the signal output in this case 1s
delayed 1n a temporal sense 1n relation to the that corre-
sponding to correctly directed drops shown m FIG. 6. Thus,
the output of the photo diode detector 560 falls below the
preset threshold “C” later 1n this case than would be the case
if the drops were correctly directed. Thus, the period (t;-t,)
in the case shown in FIG. 8b 1s greater than the correspond-
ing period shown 1n FIG. 6b.

Each of FIGS. 94 and 10a, show the detection of a series
of drops (shown in solid) that are ejected with a drop
placement error in the media feed direction 350 (i.e. per-
pendicular to the scan axis direction 360), whilst having no
drop placement error in the scan axis direction 360. Thus,
the drops illustrated in FIGS. 9 and 10 form an incorrectly
positioned dot row. For the purposes of clarity, the positions
of a series of drops that are correctly directed and positioned
on the correct dot row DR are shown 1n outline in the same
figures. As can be seen from the figures, in FIG. 94, the drop
placement error 1s in the positive media feed direction and
in FIG. 10a, the drop placement error 1s 1n the negative
media feed direction.

As can be seen 1n the case of FIG. 9a, due to the angle o
of the working section 375a of the drop detector unit 370a
relative to the scan axis 320 (shown in FIG. 3b), a drop
placement error 1n the positive media feed direction causes
the number of ink drops which pass through the working
section 375a of the drop detector unit 370a to decrease. In
this example, the first four drops, referenced “A”, fall short
of the working section 375a of the drop detector unit 370a
and so are not detected. Thus, only 2 ink drops, referenced
“B”, pass through the working section 3754 of the drop
detector unit 370a to be detected. This 1s 1n contrast to three
ink drops which would normally pass through the working
section 370a 1n the event that the series of drops were
correctly directed.

Referring to FIG., 9b, the signal output by the photo diode
detector 560 corresponding to the situation shown in FI1G. 9a
1s shown. As can be secen from the figure, the signal output
by the drop detection unit 370a has a decreased amplitude
relative to that which would result (shown in doffed line in
the same figure) if the ink drops were correctly directed.
Again, this 1s because the amplitude of the output signal 1s
dependant upon the number of 1nk drops that pass simulta-
neously through the working section 375a of the drop
detector unit 370a.
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Furthermore, as can be seen from the figure, and for the
same reason as was explained above with regard to FIG. 8b,
the detection signal corresponding to a sequence of the 1nk
drops misdirected 1n the positive media feed direction 1is
delayed 1n time relative to the signal for the correctly
directed ink drop sequence; 1.e. the period (t,—t,) in this case
1s greater than the corresponding period shown in FIG. 6b.

Referring now to FIG. 10a, due to the angle o, of the
working section 375a of the drop detector unit 370a relative
to the scan axis 320 (as shown in FIG. 3b), a drop placement
error 1n the negative media feed direction causes the number
of 1nk drops which pass through the working section 3754 of
the drop detector unit 370a to increase. In this example, only
the first two drops, referenced “A”, to be ejected fall short
of the working section 375a of the drop detector unit 370a
and so are not detected. Thus, four ik drops, referenced
“B”, pass through the working section 375a of the drop
detector unit 370a. This 1s 1n contrast to three ik drops
which would normally pass through the working section
370a 1n the event that the series of drops were correctly
directed.

Referring to FIG. 10b, the signal output by the photo
diode detector 560 corresponding to the situation shown 1n
FIG. 104 1s shown. As can be seen from the figure, the signal
output by the drop detection unit 370a has an increased
amplitude relative to that which would result (shown in
dotted line 1n the same figure) if the ink drops were correctly
directed. Again, this 1s because the amplitude of the output
signal 1s dependent upon the number of 1nk drops that pass
through the working section 375a of the drop detector unit

370a.

Furthermore, as can be seen from the figure, and for the
same reason as was explained above with regard to FIG. 75,
the detection signal corresponding to a sequence of the 1nk
drops misdirected 1n the negative media feed direction is
advanced 1n time relative to the signal for the correctly
directed ink drop sequence; 1.e. the period (t,—t,) in this case
1s less than the corresponding period shown 1n FIG. 6b.

As the skilled reader will appreciate, the greater the
degree of misdirection of the ink drops 1n each of the above
examples, the greater will be the difference between the
number of drops that should pass through the working
section 370a and the number that actually do so. This 1n turn
will give rise to a greater disparity between the measured
amplitude of signal output by the photo diode detector 560
and that measured for a correctly directed series of ink
drops. Similarly, any delay or advance 1n the signal output
by the photo diode detector 560 relative to that output for a
correctly directed series of ik drops will also increase
proportionally. Thus, the skilled reader will appreciate that
in each of the above cases, any dilfference between the
measured amplitude of an output signal and the normal
amplitude of an output signal will be proportional to the
degree of drop placement error for the nozzle under test.
Similarly, any difference in the time period between the
moment that a sequence of drops 1s ejected and the moment
that a predetermined part of the output signal 1s detected,
between a given drop sequence and a normally directed drop
sequence will also be proportional to the degree of drop
placement error for the nozzle under test.

Once the print head 310 has progressed past the drop
detection unit 370a, 1t proceeds at constant velocity across
the print zone of the printer device printing a swath of the
image. When the print head 310 has passed over the width
of the print media, 1t continues 1n the direction of the drop
detection unit 370b. Upon reaching the drop detection unit
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370b, a further drop detection routine 1s carried out as has
been described above with regard to the drop detection unit
370a. This process 1s repeated with the same nozzles that
were tested 1n passing the drop detection unit 370a.
However, since the method of testing the nozzles with drop
detection unit 370b 1s substantially the same as has been
described with regard to the drop detection unit 3704, the
process will not be described further 1in detail.

As the skilled reader will appreciate, the ejection charac-
teristics of a given nozzle will generally be constant 1n a
orven pass of the print head 310. Thus, the nozzles tested by
the drop detector unit 370a at the beginning of the pass will
ogenerally exhibit the same ejection characteristics when
tested by drop detector unit 370b. Therelore, for the pur-
poses of explaining the mode of operation of the present
embodiment, the detection by the drop detector unit 370b of
drops ejected with the same characteristics as 1illustrated in

FIGS. 6 to 10 will now be described with reference to FIGS.
11 to 15, respectively.

Each of FIGS. 11a, 124, 13a, 14a and 15a shows a view
of the working section 375b of the drop detector unit 3705,
similar to the view of the working section 3754 of the drop
detector unit 370a as shown 1n FIG. 6a. As can be seen from
FIG. 3b, the working section 375b of the drop detector unit
3700 1s orientated at ., to the scan axis 320; 1.e. at 90
degrees to the angle of orientation o, of working section
375a. Again, 1n each of these figures, the printer carriage
direction PCD at the time the sequence of drops was ¢jected,
the correct “dot row” for the nozzle under test, together with
the media feed direction 350 and the scan axis 360 are
referenced 1n the same manner as 1n FIG. 6a. Each ot FIGS.
115, 12b, 13b, 14b and 15b shows the detection signal 1n

each case, 1n the same manner as was 1llustrated in FIG. 6b.

Referring now to FIGS. 11a and b, 12a and b, and 13a and
b, the detection and corresponding output signal for three
sequences of drops are shown. The drops in FIGS. 11, 12 and
13 have the same ejection characteristics as those shown 1n
FIGS. 6, 7, and 8, respectively, as indeed would be the case
if they were ejected by the same nozzles. Thus, the sequence
of drops shown in FIG. 11 1s correctly directed. The
sequence of drops shown 1n FIG. 12 1s directed too far along
the scan axis 360, in the direction of travel of the print head
carrtage PCD. The sequence of drops shown 1n FIG. 13 1s
directed too far along the scan axis 360, imn the direction
opposite to the direction of travel of the print head carriage
PCD. However, as can be seen from each of FIGS. 114, 124
and 13a, each of the sequences of drops are correctly
centered along the desired dot row “DR”. Thus, 1n each case,
the nozzle 330 under test 1s ejecting ink drops with no
directional errors in the media feed direction 350.

As can be seen from each of FIGS. 11a, 124 and 134, the
same number of drops pass through the working section
375b of the drop detector unit 3705 as passed through the
working section 375a of the drop detector unit 370a 1n each
corresponding case; as shown i FIGS. 6a, 7a and 8a,
respectively. This 1s because the different angles of orien-
tation o, and o, of the working sections 375a and 375b,
respectively, do not affect the number of drops which are
detected 1n a given sequence providing that the drops of that
sequence are directed with no directional errors 1n the media
feed direction 350; 1.e. are correctly positioned along their
correct dot row.

Therefore, 1n each case the signal output by the photo
diode detector 560 of drop detector unit 370b, shown 1n FIG.
115, 126 and 13b, matches the corresponding output by the
photo diode detector 560 of drop detector unit 370a, shown
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in FIGS. 6b, 7b and 8b. As can be seen from the figures, the
match between corresponding signals is both 1n terms of
amplitude and time period between the ejection of the drops
and the resultant detection signal; i.e. the time period (t;—t,).

Therefore, the skilled reader will appreciate that when a
nozzle which ejects drops with no drop placement error in
the media feed direction 350 1s tested as described above, the
drop detector units 370a and 370b will generate equal
detection signals both 1n terms of signal advance or delay
and amplitude. The skilled reader will also appreciate that
this will be the case 1rrespective of whether or not the nozzle
under test ejects drops with a drop placement error in the
scan axis direction 360.

Referring now to FIGS. 144 and b and 154 and b, the
detection and corresponding output signals for two further
sequences of drops are shown. The drops 1n FIGS. 14 and 15
have the same ejection characteristics as those shown in
FIGS. 9 and 10, respectively, as indeed would be the case 1t
they had been ejected by the same nozzles. Thus, the
sequence of drops shown 1n FIG. 144 1s ejected by a nozzle,
which causes a drop placement error 1n the positive media
feed direction 350. The sequence of drops shown in FIG.
15a 1s ejected by a nozzle, which causes a drop placement
error 1n the negative media feed direction 350. In both cases
in the same figures, the positions of a series of drops are
shown (in outline) which are correctly directed along the
desired dot row DR. Thus, as can be seen from the figures
the nozzles 1n both cases have e¢jected the drops with the
correct velocity component in the direction of the scan axis

360.

As can be seen from FIG. 144, due to the angle o, of the
working section 375b of the drop detector unit 3705 relative
to the scan axis 320, a drop placement error 1n the positive
media feed direction causes the number of ink drops which
pass through the working section 375b of the drop detector
unit 3706 to increase. Thus, only the first two drops,
referenced “A”, to be ejected fall short of the working
section 375b of the drop detector unit 3705 and so are not
detected. Thus, the remaining four ink drops, referenced
“B”, pass through the working section 375b of the drop
detector unit 370b and so are detected.

This situation corresponds to the detection of a sequence
of drops ejected with a drop placement error 1n the negative
media feed direction when detected by the drop detection
unit 370a, as 1s shown 1n FIG. 10a; 1.e. the difference 1n the
number of drops detected 1n FIG. 144 relative to that which
1s normally detected for a correctly directed sequence of
drops 1s opposite to that detected by the drop detection unit
370a when detecting a stmilar sequence of drops with a drop
placement error 1 the positive media feed direction, as

shown 1n FIG. 9a.

Consequently, the resultant drop detection signal for the
situation shown 1n FIG. 14a, shown 1n FIG. 14b, resembles
that output by drop detection unit 370a when detecting a
sequence of drops ejected with a drop placement error 1n the
negative media, as shown in FIG. 10g; 1.e. the amplitude 1s
increased and the timing 1s advanced relative to that which
would result (shown in dotted line in the same figure) if the
ink drops were correctly directed.

As can be seen from FIG. 134, due to the angle o, of the
working section 375b of the drop detector unit 3705 relative
to the scan axis 320, a drop placement error in the negative
media feed direction causes the number of ink drops which
pass through the working section 375b of the drop detector
unit 370b to decrease. Thus, 1n this case the first four drops,
referenced “A”, to be ejected fall short of the working
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section 375b of the drop detector unit 3705 and so are not
detected. Thus, only the remaining two 1nk drops, referenced
“B”, pass through the working section 375b of the drop
detector unit 370b and so are detected.

Thus, this situation corresponds to the detection of a
sequence of drops ejected with a drop placement error 1n the
positive media feed direction when detected by the drop
detection unit 370a, as shown 1n FIG. 9a. 1.e. the difference
in the number of drops detected in FIG. 154 relative to that
which 1s normally detected for a correctly directed sequence
of drops 1s opposite to that detected by the drop detection
unit 370a when detecting a similar sequence of drops with

a drop placement error 1n the negative media feed direction,
as shown 1 FIG. 10a.

Consequently, the resultant drop detection signal for the
situation shown 1n FIG. 154, shown 1n FIG. 155, resembles
that output by drop detection unit 370a when detecting a
sequence of drops ejected with a drop placement error 1n the
positive media; 1.e. the amplitude 1s decreased and the
timing 1s retarded relative to that which would result (shown
in dotted line in the same figure) if the ink drops were
correctly directed.

Theretfore, the skilled reader will appreciate that when a
nozzle, which ejects drops with a drop placement error 1n the
media feed direction 350, 1s tested, the media feed direction
error component causes the detection signals generated by
the detector units 370a and 370b to differ in equal and
opposite ways. The magnitude of the difference between the
detection signals, both 1n terms of their amplitude and their
fiming delay, 1s proportional to the degree of misdirection

that the nozzle imparts to the drops in the media feed
direction 350.

Thus, 1f the nozzle under test exhibits no drop placement
error 1n the scan axis direction 360, the average value for the
detection signals output by the drop detector units 370a and
370b, both 1n terms of their amplitude and their timing delay,
will be equal to that expected for a nozzle that imparts no
directional errors to drops.

Furthermore, 1n the case of a nozzle that ejects drops with
error components 1 both the media feed direction 350 and
in the scan axis direction 360, the difference between the
detection signals output by the drop detector units 370a and
370b, both 1n terms of their amplitude and their timing delay,
will be proportional to the degree of misdirection that the
nozzle imparts to drops m the media feed direction 350.
Additionally, the average value of the detection signals
output by the drop detector units 370a and 3705, both 1n
terms of therr amplitude and their timing delay, will be
proportional to the degree of misdirection that the nozzle
imparts to drops 1n the scan axis direction 350.

The process by which the direction of drop ejection of a
ogrven nozzle 1s determined according to the present embodi-
ment will now be described.

In this embodiment, the determination of nozzle ejection
direction and correct functioning relies upon the fact that
different nozzle ejection directions cause an advance or
delay 1n the detection signal, as has been discussed above.

In this embodiment, the time period between ejecting the
first ik drop 1 a sequence of mk drops and the moment of
detecting the subsequent signal 1s the measurement criterion

used; 1.e. the period (t,-ty) illustrated in FIGS. 656—15b.

When testing a family of nozzles i1n the present
embodiment, each of the nozzles 1s arranged to be tested in
a predetermined order. In this manner, each drop detector
unit 370 outputs voltage trace consisting of a sequence of
detection signals, as illustrated in FIGS. 6—135, as the print

10

15

20

25

30

35

40

45

50

55

60

65

138

head 310 passes over it. Each signal in the output corre-
sponds to the “test result” for a known nozzle 1n the family.
Furthermore, for each nozzle, the time t, at which the first
ink drop 1n 1ts ejection sequence 1s ejected 1s known.
Additionally, the moment of detecting the corresponding
signal t; may be measured from the output.

The temporal position of each test result may then be
compared with that which 1s expected for a correctly work-
ing nozzle. Thus, difference between the period (t,-t,) for a
correctly working nozzle and each nozzle under test may be

casily calculated 1n the case of both of the drop detector units
370a and 370b. This information 1s then used i1n order to

determine whether or not the nozzle 1n question 1s function-
ing correctly and 1ts ejection direction.

Referring now to FIGS. 16—19, the results of testing four
separate families of four nozzles 1n the manner described
above are 1llustrated. The skilled reader will of course
appreciate that in practice, the same principle may be
applied to testing families of nozzles which are smaller or
larger than four.

Each of FIGS. 16-19, 1llustrate schematically the output
traces of voltage against time, generated by the drop detector
units 370a and 3705 1n testing a different family of nozzles
1-4. The output trace in each figure generated by drop
detector unit 370a 1s labeled “a” and the output trace in each
figure generated by drop detector unit 3705 1s labeled “b”.

For the sake of clarity, 1n each of these figures the full
voltage traces output by the drop detector units 3704 and
370b are not shown but merely the moment t, of detecting
the signal for each nozzle, which 1n each case 1s marked by
an “X” located along the time axis. Each moment t, in the
output trace generated by drop detector unit 3704 1s labeled
t .—t_, 1n respect of nozzles 1-4 in each family. Similarly,
cach moment t; in the output trace generated by drop
detector unit 3700 1s labeled t, ,—t,, in respect of nozzles 14
in each family.

The skilled reader will realise that due to the order 1n
which the nozzles of the family pass over the differently
orientated working sections 375 of the drop detector units
370, the order 1n which the nozzles of the family of nozzles
are tested by drop detector unit 370a will be the reverse of
that of drop detector units 370b. However, for the sake of
clarity, the detection signals have been represented 1n the
same order 1 each of the figures.

Also shown 1n each of the figures are the times at which
cach nozzle would be detected if 1t were operating correctly,
which may be established by measurement. These times are
1llustrated by vertical dashed lines labeled T _,—T , in respect
of nozzles 1-4, respectively, 1n the case of the output trace
“a” 1 each of the figures; and, T, ,—T,, 1n respect of nozzles
14, respectively, 1n the case of the output trace “b” 1n each

of the figures.

As can be seen from FIG. 16, the detection times t_,—t_,,
t,,—t,, for each nozzle 1-4 1 each of traces “a” and “b”
coincide exactly with the corresponding times expected for
correctly directed nozzles T ,-T ,, T,,—T1,,. Thus, the
detection times t_.—t ,, t..—t, , for each nozzle 1-4, as
detected by both drop detector unit 370a and drop detector
unit 370b, are neither delayed or advanced. Therefore, 1t can
be concluded that each nozzle 1n this nozzle family ejects ink
drops 1n the correct direction; 1.€. without a drop placement
error 1n either the media feed direction 350 or the scan axis

direction 360.

Referring now to FIG. 17, similar traces output by drop
detector units 370a and 370b are shown for a second family
of four nozzles.
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In this case, the time traces “a” and “b” show that the
detection times t_,, t o, t ., 1, ., tb2 and t,, coincide with the
known time period for a correctly directed nozzles in their
respective positions in the family order (ie. T ,, T ., T _,
T,,, T,, and T,,, respectively). Therefore, it can be con-
cluded that nozzles 1, 2 and 4 1n the second nozzle family
eject 1nk drops 1n the correct direction. However, detection
timest_; and t, , of the third nozzle 3 are advanced compared

el o 27

to the correct time T 5, T, 5, 1n the case of both time trace “a
and “b”. As 1s shown m the figure, the time difference At
between the measured detection time and the correct detec-
tion time 18 the same both time trace “a” and “b”. Therefore,

it can be concluded that nozzle 3 1s ejecting drops a drop
placement error 1n the scan axis direction 360 but with no
drop placement error in the media feed direction 350.

Since the measured timing, t . and t,,, 1S advanced
compared to the correct timing, T . and T,;, the drop
placement error 1s 1n the direction of movement of the print
carritage 1n the scan axis direction 360. However, 1f the
measured timing, t . and t,, of this nozzle were delayed
compared to the correct timing, T . and T,,, 1t would be
concluded that the drop placement error 1s 1n the opposite
direction to the movement of the print carriage in the scan
ax1s direction 360.

Referring now to FIG. 18, similar time traces output by
drop detector units 370a and 3705 are shown for a third
family of four nozzles. Again, the measured detection times
t ,t -t .1, t,,andt,, comncide with the correct times T,
T, T.,.7T,,T,, and T,,, indicating that the nozzles 1, 2

and 4 are functioning correctly and are correctly directed.
However, 1n this case, the detection time, t_., of nozzle 3

s L3
in time trace “a” 1s advanced by At relative to the correct
time, T .. Furthermore, the detection time, t, ., of nozzle 3
in time trace “b” 1s delayed by At relative to the correct time,
T,

Therefore, 1t can be concluded that the nozzle 1n question
1s ejecting drops with a drop placement error 1in the media
feed direction 350. This 1s because the detection time, t -, 1n

“a” 15 advanced whilst detection time, t,,, 1S

fime trace “a
delayed, as has been explained above. The magnitude of the
drop placement error in the media feed direction 350 is
proportional to the period At, as explained above.

Because the output for this nozzle was advanced in the
case of the drop detector unit 370a and delayed 1n the case
of the drop detector unit 370b, it 1s clear that the drop
placement error 1n the media feed direction 350 1s 1n the
positive direction as shown in FIG. 3. If, on the other hand,
the output was advanced 1n the case of the drop detector unit
370b and delayed 1n the case of the drop detector unit 370a,
it would be clear that the drop placement error 1n the media
feed direction 350 was 1n the negative direction as shown in

FIG. 3.

It can be also be concluded that the nozzle in question 1s
ejecting drops with no drop placement error 1n the scan axis
direction 360. This 1s because the period, At, by which the

detection time, t_,, 1n time trace “a” 1s advanced equals the
period by which the detection time, t, ., 1s delayed.

Referring finally to FIG. 19, similar time traces output by
drop detector units 370a and 3706 are shown for a further
family of four nozzles. Again, the measured detection times
t ,t-,t., 1.1, andt,, coincide with the correct times T _,,
T, T, T,,T,, and T,,, indicating that the nozzles 1, 2
and 4 are functioning correctly and are correctly directed.

However, 1n this case, the detection time, t_,, of nozzle 3
in time trace “a” 1s advanced by At relative to the correct
time, T ,, and the detection time, t,., of nozzle 3 1n time

trace “b” 1s correct relative to the correct time, T,;.
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In this case it can be concluded that the nozzle 1n question
1s ejecting drops with a drop placement error both the media
feed direction 350 and 1n the scan axis direction 360.

Errors 1n the scan axis direction cause the outputs of the
two drop detectors to diverge from the outputs for correctly
directed droplets 1n the same way, as 1s made clear 1n FIGS.
6 to 15. Conversely, errors 1n the media axis direction cause

the outputs of the two drop detectors to diverge from the
outputs for correctly directed droplets in opposing ways.

Therefore, 1t 1s clear 1n the case of FIG. 19 that there 1s a
drop placement error 1n the media feed direction 350. This
1s because the detection time, t . 15 oif

set from the correct
time, T 5, by a different period (At) to the period (zero) by
which the detection time, t, 1s offset from the correct time,
T, ;. The magnitude of the drop placement error 1n the medla
feed direction 350 1s proportlonal to half of the difference
between the two timing offsets; i.e. ((t .—T )-(t,+—T,:))/2.
In the case of FIG. 19 the drop placement error 1n the media
feed direction 1s proportional to At/2.

In this case, the drop placement error in the media feed
direction 350 1s 1n the negative direction as shown 1 FIGS.
6—15. This 1s because the detection time t_; 1s advanced
relative to the detection time t, 5; as 1s shown in FIGS. 10 and
15. If, however, the detection time t_, were delayed relative
to the detection time t, , (as is shown in FIGS. 9 and 14), it
would be concluded that the drop placement error in the
media feed direction 350 were m the positive direction as

shown 1n FIGS. 6-15.

It 1s also clear that there 1s also a drop placement error 1n
the scan axis direction 360). This 1s because the outputs t_,
and t, ; of the two drop detectors have not diverged from the
correct times T ; and T,; 1n a symmetrical and opposing
way, as would be the case if the nozzle 1n question ejected
droplets with a drop placement error 1n only the media axis
direction.

The magnitude of the drop placement error 1n the scan
axis direction 360 1s therefore proporuonal to the difference
between the value of t_; or t,; as shown 1n the case of FIG.
19 and the value that 1t would have in the event that the
nozzle 1 question were to eject drops with the same drop
placement error 1n the media axis as shown 1n FIG. 19 but
no drop placement error in the scan axis; 1.e. ((t ~—T -)+
(t,5—T;3))/2. In the case of FIG. 19 the drop placement error
in the scan axis 1s proportional to At/2.

The direction of the drop placement error 1n the scan axis
direction 360 is therefore 1n positive scan axis 360 as shown
in FIGS. 6 to 15. This 1s because the drop placement error
1n the scan axis direction causes the outputs t_; and t,; to be
advanced 1n relation to the correct times T_; and T, .

It will thus be apparent to the skilled reader that by
comparing the detection signals output generated by drop
detector units 370a and 370b for a given nozzle, using the
system and method of the present embodiment 1s possible to
detect the magnitude of drop placement errors in both the
scan axis direction and the media feed direction as well as
and combinations of the two. Furthermore, 1t 1s possible to
distinguish between drop placement errors 1n both the posi-
tive and negative directions of both scan axis direction and
the media feed direction.

Once the signal delay or advance has been established 1n
both the scan axis direction and the media feed direction,
these values may be compared with values held 1 a look up
table equating values of drop placement errors 1n both the
scan axis direction and the media feed direction with actual
drop placement error distances with respect to the print
medium. Anozzle 1s then deemed to be functioning correctly
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if the drop placement error 1n neither the scan axis direction
nor the media feed direction exceeds corresponding preset
thresholds. In the event that either one or both thresholds are
exceeded, a maintenance routine may be implemented for
that nozzle or its use may be avoided until 1t functioning has
been rectified.

The skilled reader will appreciate that 1n practice, there 1s
no requirement to translate the signal delay or advance
measurements mto actual drop placement error distances
with respect to the print medium. Instead, the drop place-
ment error thresholds may be defined directly in terms of the
signal delay or advance timings.

The thresholds may be set 1n a number of ways. For
instance, the drop placement error of ink dots printed on a
print medium may be manually measured, 1in both the scan
axis direction and the media feed direction, and compared
with the delay or advance in the signal measurements taken

using for the nozzle 1n question using the system and method
described above. Alternatively, the drop placement error
may be calculated, in both the scan axis direction and the
media feed direction, using a knowledge of the physical
relationship of the nozzle 1n question, the print medium and
the drop detector.

Further Embodiments

In the embodiment described above, numerous specific
details are set forth in order to provide a thorough under-
standing of the present invention. It will be apparent
however, to one skilled 1n the art, that the present mnvention
may be practiced without limitation to these speciiic details.
In other 1nstances, well known methods and structures have
not been described in detaill so as not to unnecessarily
obscure the present mvention.

For example, the embodiment described above 1s based
upon a printer device having one printhead comprising a
plurality of nozzles, each nozzle of the printhead being
configured to eject a stream of drops of k. Furthermore,
printing on a print medium 1s performed by moving the print
head 1n mutually orthogonal directions in between print
operations, as described above. However, 1t will be under-
stood by those skilled in the art that general methods
disclosed and 1dentified 1n the claims herein, are not limited
to printer devices having a plurality of nozzles or printer
devices with a moving print head.

Furthermore, although only one printhead 1s described in
the above embodiment, the skilled reader will appreciate
that the present mvention may be used to advantage 1n the
printer devices mcorporating more than one printhead.

The skialled reader will also appreciate that the frequency
of testing nozzles according to the present embodiment may
be varied to suit operational needs and constraints. However,
increased tests on the functioning of nozzles enables more
accurate functioning of a set of servicing algorithms via the
printer device. The servicing algorithms are sets of 1nstruc-
tions performed before printing a page, during printing and
after a page has been printed and are designed to maintain
correct operation of the nozzles comprising the print head.
Improved servicing of the nozzles results in an increased
operating lifetime of the print head.

However, 1n one embodiment of the invention a test
routine may be implemented that tests that some or all of the
nozzles of one or more printheads are functioning correctly
before printing every page or print job. In such an
embodiment, the printhead(s) are arranged to traverse the
drop detector units 1n order that the nozzles may be tested in
the manner described above. However, in this embodiment,
it 1s not required that the printheads print an 1mage on the
print media as they pass between the drop detector units.
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If one or more nozzles are found to be functioning
incorrectly, servicing routines may be implemented prior to
printing an 1mage to correct the defect. If, the nozzles are
found not to be firing correctly, due to a blockage of dry 1nk,
for example, a “spitting” routine may be implemented 1n an
attempt to dislodge the dried ink and allow the nozzle to
continue functioning correctly. Once the “spitting” routine 1s
completed the nozzle concerned may be re-tested 1n accor-
dance with the present mnvention, as 1s described above, to
determine whether the servicing routine has been successful
in correcting the malfunctioning of the nozzles concerned.

In the event that all nozzles are subsequently found to be
functioning correctly, the 1mage may be printed in the
normal manner. If, on the other hand, one or more nozzles
are found still to be functioning incorrectly, those nozzles
may be deselected and so not used 1n a subsequent printing
operation. Thus, the print mode which will be used to print
the 1image may be designed so as to avoid printing with those
particular nozzles, by assigning the workload that would
normally be undertaken by those nozzles to other, or replace-
ment nozzles. Such techniques are known as “error hiding”.
Examples of error hiding techniques suitable for use in
combination with the present invention are disclosed in
European Patent Applications 99103283.0 and 98301559.5,
both mm the name of Hewlett-Packard Co and which are
hereby incorporated by reference.

Furthermore, where the drop placement error of a given
nozzle 1s such that 1t prints drops on locations that are
normally printed on by further nozzles, the given nozzles
may be used to partly or exclusively in place or the further
nozzles.

In certain circumstances, it may be desirable to test given
nozzles more than once 1n order to gain a more accurate
knowledge of the manner 1n which a nozzles 1s misfunc-
fioning as a more accurate knowledge improves the opera-
tion of any error hiding print modes performed by the printer
device.

The skilled reader will realise that using the system of the
present invention, 1t 1s 1n fact only necessary to measure the
differences between signals, either in terms of amplitude or
signal timing, which are generated for a series or family of
nozzles 1 order to determine whether or not nozzles are
operating 1n a similar manner; or, alternatively to check that
orven signals do not fall outside of a preselected statistical
range relative to the corresponding signals output for neigh-
bouring nozzles. This 1s because the exact drop placement of
a given nozzle 1s less important in terms of print output
quality than the relative drop placement of a given nozzle
relative to the other nozzles.

Thus, using the system of the present invention, it 1s not
necessary to measure the exact performance of any or each
nozzle to determine whether a print head 1s operating
correctly, or whether an individual nozzle 1s operating
correctly. Instead, when testing a nozzle family 1t would be
possible to simply measure the temporal separation, for
example, between the detection signals of consecutively
tested nozzles to determine whether a nozzle has ejection
characteristics that differ from the remaining nozzles by an
amount that exceeds a predetermined threshold.

Furthermore, the skilled reader will realise that a printer
device according to the present invention may be configured
to store information regarding the directionality of ejection
of individual nozzles and to determine the frequency of use
for each nozzle based on the degree of drop placement error
that the nozzle exhibits. For example, nozzles which exhibait
negligible or no drop placement error may be used at a high
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level of capacity 1n carrying out a print job and nozzles
which exhibit increasing levels of drop placement error may
be used at a decreasing level of capacity, or only where
required. In this manner the print quality of the output print
product may be increased.

The skilled reader will also appreciate that various ways
in which the drop detection units are located exist. For
example, 1n other embodiments of the present invention, the
angles at which the drop detection units are located relative
to the scan axis may be varied according to requirements.
The skilled reader will appreciate that 1f the drop detection
units are located at a more oblique angle to the scan axis,
then a greater number of nozzles may be tested 1 a single
pass. However, by locating the drop detection units at a more
oblique angle to the scan axis, the distance that the printer
carritage must travel in each pass to fully pass over the drop
detection units must increase. This has the elfect of imncreas-
ing the length of time that each pass takes. Therefore, the
exact angle at which the drop detection units are located
relative to the scan axis may be determined according to
requirements 1n order to optimize these requirements.

Furthermore, although 1n the above-described embodi-
ment the drop detection units are arranged on either side of
the media feed path, 1n practice both units may be located on
the same side of the media feed path. This gives the
advantage that the nozzles of a print head may be tested
rapidly without having to traverse the entire width of the
feed path if they are being tested while the printer 1s not
printing.

Additionally, 1n a further embodiment of the invention,
the optical source of the drop detection units, for example a
laser, could be located over the over the media path 1tself.
This allows the directionality of the nozzles to be tested
whilst the nozzles are printing an 1mage; thus obviating the
need for wasting ink and time 1n testing the nozzles whilst
the printer 1s not printing.

What 1s claimed 1s:

1. An ink jet apparatus comprising a nozzle arranged to
eject 1nk droplets and an edge detector arranged to detect
droplets having a first range of trajectories and arranged not
to detect droplets having a second range of trajectories, said
nozzle being arranged to eject one or more first droplets
from each of a plurality of positions known relative to said
edge detector, said positions being arranged such that said
number of first droplets detected by said edge detector varies
in dependence upon the magnitude of a component of the
cjection direction of said nozzle, said apparatus being
arranged to substantially determine a component of said
ejection direction of said nozzle 1n dependence upon said
detection by said edge detector.

2. An apparatus according to claim 1, further comprising
a print media feed path, said nozzle being arranged to
traverse said media path and said edge detector along a scan
axis arranged substantially perpendicularly to said media
path.

3. An apparatus according to claim 2, further arranged to
incrementally print an image on a print medium 1n a plurality
of printing passes over said media path by ejecting ink drops
from said nozzle, said component of ejection direction of
said nozzle being determined between starting and finishing
printing said 1mage.

4. An apparatus according to claim 3, further arranged to
eject said first droplets 1n between consecutive printing
passes or during a given printing pass.

5. An apparatus according to claim 4, further arranged to
modify said usage of said nozzle in one or more of said
plurality of printing passes subsequent to ejecting said first
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droplets 1n dependence upon said determined component of
ejection direction.

6. An apparatus according to claim 1, further comprising
a second edge detector arranged to detect second droplets
cjected by said nozzle as defined 1n claim 1, said apparatus
being arranged to substantially determine a second compo-
nent of said ejection direction of said nozzle independence
upon said detection by said second edge detector.

7. An apparatus according to claim 6, wherein said first
cdge detector 1s orientated at a positive angle to said scan
ax1s and said second edge detector 1s orientated at a negative
angle to said scan axis.

8. An apparatus according to claim 7, wherein said first
and/or second edge detector 1s located laterally offset from
said media path.

9. An apparatus according to claim 6, wherein said nozzle
forms part of a print head comprising a plurality of nozzles,
said first or second edge detector and said print head being
arranged such that different nozzles of said print head
traverse said edge detector at different times.

10. An apparatus according to claim 9, wheremn said
apparatus 1s arranged to substantially determine a compo-
nent of said ejection direction of a plurality of nozzles of
said printhead as defined 1n claim 1 1n one pass of said first
or second edge detector.

11. An apparatus according to claim 6, wherein said first
or second edge detector comprises an optical sensor
arranged to output a signal corresponding to said number of
ink droplets located between said optical sensor and a light
SOurce.

12. An apparatus according to claim 1, wheremn said
apparatus 1s arranged to determine a first nozzle position at
which ejected droplets are substantially detected and to
determine a second nozzle position at which ejected droplets
are substantially not detected, said apparatus being further
arranged to determine a third nozzle position substantially
between said first and second positions at which ejected
droplets are substantially detected, said apparatus being
arranged to determine a magnitude of a component of said
direction of ejection of said ink droplets ejected by said
nozzle on said basis of said third position.

13. A direction determining apparatus comprising a
nozzle arranged to eject drops of liquid and a drop detection
device having a detection zone, said detection zone having
a border defining the limit of said detection zone 1n a first
direction, said nozzle being arranged to move relative to said
drop detection zone and being further arranged to eject a
series of drops from substantially known positions, such that
at least one of said drops passes on a first side of said border
through said detection zone and at least one of said drops
passes on a second side of said border, said device being
arranged to determine a component of said direction of drop
ejection 1 dependence upon said proportion of said drops
that pass through said detection zone.

14. A method of determining said ink drop ejection
direction of an ink ejection nozzle of an 1nk jet device, said
device comprising a drop detector being arranged to detect
C
C

rops 1n a {irst range of positions and arranged not to detect

roplets 1n a second range of positions, said method com-

prising said steps of:

cjecting one or more drops from each of a plurality of
positions known relative to said edge detector, said
positions being arranged such that said number of drops
detected by said edge detector varies 1n dependence

upon said magnitude of a component of said ejection
direction of said nozzle;

detecting said drops passing through said first range of
positions; and,
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determining a component of said direction of ejection of

said nozzle 1n dependence upon said detected drops.

15. A method according to claim 14, wherein said step of
ejecting 1s carried out whilst said nozzle moves at a constant
velocity along a nozzle path either towards or away from
said edge detector.

16. A method according to claim 15, wherein said plu-
rality of positions are substantially equally spaced along said
nozzle path.

17. A method according to claim 16, wherein said drop
detector 1s arranged to detect said number of drops simul-
tancously present in said first range of positions.

18. A method according to claim 17, wherein said step of
detecting further comprises said step of generating a detec-
fion signal corresponding to said detected number of said
drops and said step of determining further comprises com-
paring an attribute of said detection signal with a predeter-
mined threshold or value.

19. A method according to claim 18, wherein said nozzle
forms part of a printhead having a plurality of nozzles, said
method comprising said steps of repeating each of said steps
of ejecting, detecting and determining for each of said
plurality of nozzles.

20. A method according to claim 19, further comprising
said step of generating a plurality of detection signals
corresponding to said plurality of nozzles, said step of
determining further comprising said step of comparing an
attribute of each of said plurality of detection signals with
threshold or value dependent upon said equivalent attribute
of one or more of said remainder of said plurality of
detection signals.

21. A method according to claam 20, wherein said
attribute 1s said signal amplitude or a function of said
detection time.

22. A method according to claim 14, said method com-
prising said further step of determining a second component
of said direction of ejection of said nozzle, said second
component being 1 a different direction to said first
component, said further step including said step of repeating
cach of said steps of ejecting, detecting and determining in
respect of a second drop detector, said second drop detector
having an orientation different to that of said first.

23. A method of incrementally printing an 1image on a
print medium by ejecting ink drops from one or more
nozzles, said method comprising said step of determining a
component of said 1nk drop ejection direction of said one or
more nozzles, as defined 1n claim 14, between starting and
finishing printing said 1mage.

24. A method according to claim 23, wherein said image
1s printed 1n a series of passes and said step of determining
a component of said ink drop ejection direction 1s carried out
between printing consecutive passes.

25. A method according to claim 24, further comprising
said step of increasing or decreasing said number of printing
operations to be undertaken by a first nozzle 1n dependence
upon said determination step in respect of said first nozzle.

26. A method according to claim 25, further comprising
said step of 1nitiating a servicing routine for said first nozzle
in dependence upon determination step.

27. A computer program comprising program code means
for performing said method steps of claam 14 when said
program 1s run on a computer and/or other processing means
assoclated with suitable drop detection and measurement

apparatus.
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28. A direction determining apparatus comprising a
nozzle arranged to eject drops of liquid from positions along
a first axis and an edge detector having an edge located at an
angle to said axis arranged to detect drops at a first side of
sald edge but not at a second side of said edge, said nozzle
being arranged to eject drops from a plurality of positions
known relative to said edge such that at least one drop passes
on either side of said edge, the apparatus being further
arranged to determine the proportion of drops passing on
said first side of said edge and to compare said proportion
with the proportion expected for a nozzle with no directional
error and being further arranged to determine an error
component 1n the direction of ejection perpendicular to said
ax1s 1n dependence upon the comparison.

29. In an mkjet device comprising an 1nk ejection nozzle
arranged to traverse a print area along a scan axis and further
comprising an edge detector having an edge located at an
angle to said scan axis being arranged to detect ink drops at
a first side of said edge but not at a second side of said edge,
a method of determining an error 1n the component direction
of 1nk ejection perpendicular to said scan axis, comprising
said steps of:

cjecting one or more drops from each of a plurality of
positions known relative to said edge, such that at least
one drop passes on either side of said edge;

determining said proportion of drops passing to said first
side of said edge;

comparing said determined proportion with said propor-
tion expected for a nozzle with no directional error;
and,

determining the magnitude of said error 1n dependence

upon said compared value.

30. A method of determining said direction of ejection of
an 1nk drop ejected from an 1nk ejection nozzle of an inkjet
device, said nozzle being arranged to traverse a print arca
along a scan axis, said device comprising first and second
edge detectors having respective edges arranged at differing
angles to said scan axis and each arranged to detect drops 1n
respective first ranges of positions and arranged not to detect
drops 1n respective second range of positions, said method
comprising the steps of:

cjecting one or more drops from each of a plurality of
positions known relative to said first edge detector, said
positions being arranged such that said number of drops
detected by said edge detector varies 1n dependence
upon said magnitude of a first component of said
ejection direction of said nozzle;

detecting said drops passing through said first range of
positions; and,

determining a component of said direction of ejection of
said nozzle 1n dependence upon said detected drops;
and,

repeating said steps of ejecting, detecting and determining,
in respect of said second edge detector to determine a
second component of said direction of ejection of said
nozzle.
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